Abstract. The population of the world is increasing daily and people desire a high standard of life.
Introduction
The population of the world is increasing daily and people desire a high standard of life. As a result the world's economic and industrial sectors are growing and the demand for energy is increasing over time to satisfy needs [1] . World energy consumption has been growing by about 2.3% per year. On the other hand, the use of fossil fuels raises serious environmental concerns [2] . So the research of renewable energy and energy -saving equipment is paid more and more attention by most researchers. As a energy -saving equipment, air source heat pumps (ASHP) are widely used due to their easy installation and the comparatively low price [3] . And the air source heat pump based hybrid system is perhaps the most popular and has been the most well-documented in the prior art [4] . In this paper, an air source heat pump and solar thermal combined system, called distributed electric heating system, was proposed to space heating for single family houses.
Distributed Electric Heating System Configuration

Component
As shown in the figure 1, distributed electric heating system is made up of solar collector, water storage tank, and air-source heat pump, electric boiler, circulating water pump, radiator and other equipment. Solar collector provides heat to system, and air-source heat pump is supplementary when the solar energy is insufficient provided. In extreme weather conditions, because of frosting in air-source heat pump, system is supplemented by electric boiler. The heat generated by the compressor of air-source heat pump heats the water in tank through the casing, and then the heated water in tank carried to radiator by circulation pump. [5] [6] . The type of solar collector as LI-1.8-50 is contained 50 glass vacuum tubes. The specification for each vacuum tube is Φ58mmX1800mm. Total collector area is 7.7m 2 . The inner vessel of Horizontal header in solar collector is made of stainless steel SUS304, and outer case are covered by thermal insulators which a once-molded product by Polyurethane.
The type of air-source heat pump unit as LSQ03R2 is product by Guangdong Xilaike air conditioning equipment Co. Ltd. Heating capacity of units is 10.6kW, input power is 2.1kW, and water production rate is 245L/h. Distributed electric heating system provide heat for a laboratory in a six -storey building in Tianjin. The laboratory is on the fifth floor and building area is 74.9 square meters. 3 groups of copper -aluminum radiator are arranged in room. The power of electric boiler is 4.8kW; volume of stainless steel water storage tank is 800L.
Action Mode
Three different kinds of operation mode are appeared according to different weather conditions. Solar collector used alone is a preferred solution. When solar collector outlet water temperature is higher than 70℃, solar collector is used singly, and air-source heat pump is not operated. When solar collector outlet water temperature is lower than 70℃, air-source heat pump is turned on as auxiliary energy and solar collector is running at the same time. This is the second option, the major operation state all the year round. In the most unfavorable condition, electric boiler is run to increase radiator inlet water temperature, just because the heat from both air source heat pump and solar collector cannot satisfy the need. [7] [8] .
Running Result
Distributed electric heating system is run for three days. The operation result of each day is showed in fig.2-fig.4 . The relationship between temperature (Air-source heat pump unit outlet water temperature, solar collector outlet water temperature and radiator inlet water temperature) and time was investigated. Solar collector outlet water temperature is lower than 70℃ before 10 am while air source heat pump is run. At this time, radiator inlet water temperature stays around 60℃. From 10am to 5pm，radiator inlet water temperature is mainly steady. Showed as fig.5 , after eleven, solar collector outlet water temperature is over 70℃, air source heat pump isn't run at the third day. And in three days, heat from solar and air source heat pump is sufficient, electric boiler is not run. In Tianjin, outdoor temperature is within -10℃ in the most of winter with be higher in daytime outdoor temperature. So heating is insured by distributed electric heating system in winter. 
）
Conclusion
Distributed electric heating system, a air source heat pump and solar thermal combined system, is designed in this paper. The system can produce hot water for heating by recovering energy from solar energy and air source. The performance of Distributed electric heating system can significantly by adding solar collector areas If the installation area and investment amount allow the relative of air source heat pump unit power is increased in proportion to increasing space heating demand of the building and low ambient temperatures. In contrast, distributed electric heating system will be widely used for space heating as an energy efficient and environment friendly way.
